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Abstract
Background: Children’s exposure to secondhand smoke is associated with increased morbidity. We estimated
Medicaid expenditures for children living with smokers compared to those living with no smokers in the United
States.
Methods: Data were overall and service-specific (i.e., inpatient, ambulatory, emergency department, prescription
drug, and dental) annual Medicaid expenditures for children 0-11 years old from the 2000-2007 Medical
Expenditures Panel Surveys. Smokers’ presence in households was determined by adult respondents’ self reports.
There were 25,835 person-years of observation. We used multivariate analyses to adjust for child, parent, and
geographic characteristics.
Results: Children with Medicaid expenditures were nearly twice as likely to live with a smoker as other children in
the U.S. population. Adjusted analyses revealed no detectable differences in children’s overall Medicaid
expenditures by presence of smokers in the household. Medicaid children who lived with smokers on average had
$10 (95% CI $3, $18) higher emergency department expenditures per year than those living with no smokers.
Conclusions: Living with at least one smoker (a proxy for secondhand smoke exposure) is unrelated to children’s
overall short-term Medicaid expenditures, but has a modest impact on emergency department expenditures.
Additional research is necessary to understand the relationship between secondhand smoke exposure and long-
term health and economic outcomes.
Background
One in three children in the U.S. lives with a smoker,[1]
and extensive research has established the detrimental
effect of secondhand smoke exposure (SHS) on chil-
dren’s health [2]. Because children spend much of their
time in the home, outside the sphere of most clean air
regulation, they have higher levels and rates of exposure
to SHS than adults [3]. Short-term consequences of
pediatric exposure to household SHS include increased
risk for asthma, bronchitis, bronchiolitis, sinusitis, mid-
dle ear infections, and sudden infant death syndrome
[2,4-7]. Longer-term sequelae include reduced lung
function and development, and cognitive impairment
with specific deficits in reading, math, and visuospacial
reasoning [6,8-12].
Though the adverse health outcomes children face due
to SHS exposure are of paramount importance, under-
standing the relationship between SHS exposure and
children’s health expenditures is essential to prioritizing
scarce health care resources and motivating policy
makers to take corrective action. There have been stu-
dies estimating the health care costs of children’sS H S
exposure [13-17]. However, absent from the existing lit-
erature is an examination of children’sS H Se x p o s u r e
and its relationship to expenditures in the public health
insurance programs that cover children in lower income
families in the United States: Medicaid and the Chil-
dren’s Health Insurance Program (CHIP). Nearly one
third of children in the United States were covered by
Medicaid or CHIP in 2005 [18] and low-income chil-
dren are much more likely to live with a smoker [1].
Thus, the impact of SHS exposure is concentrated in
this population. In addition, by focusing on children
who (within states) all have the same health insurance,
we will remove some of the heterogeneity in ability and
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founded earlier studies [14]. In the current study, we
use the Medical Expenditures Panel Survey (MEPS) to
examine the relationship between children’sM e d i c a i d /
CHIP expenditures and living with a smoker.
Methods
Data
Our sample consists of children 0-11 years old who
were included in the 2000-2007 rounds of the MEPS, a
national survey representative of the non-institutiona-
lized population of the United States. The MEPS is
funded by the Agency for Healthcare Research and
Quality (AHRQ) and conducted by in-person interview.
We focus on children less than 12 years old to reduce
the likelihood that a child’s tobacco smoke exposure is
due to the child’s own tobacco use.
Households participating in the MEPS complete five
interviews over a two year period and annual response
rates ranged from 57-66% over the study time period
[19]. Detailed information on demographics, socioeco-
nomic status, health status, health care utilization, insur-
ance coverage, and health expenditures was collected for
each household member. Survey staff obtain expenditure
data by contacting the providers identified by respon-
dents and requesting information on payments received
for services/products provided to the respondent [20].
We included only children who were enrolled in Medi-
caid for some part of the year (here and henceforth, we
use the term Medicaid to indicate Medicaid and CHIP
combined). Our analyses were conducted with the per-
son-year as the unit of observation, so our findings
relate to average annual medical expenditures per child.
Dependent Variables
Average annual expenditures for children living with
smokers and those not living with smokers were calcu-
lated. Because we were primarily interested in the effect
of SHS exposure on expenditures to public programs,
our primary analyses include only expenditures paid for
by Medicaid. Costs borne by other payers, including
families’ out-of-pocket payments (copayments, coinsur-
ance, deductibles, uninsured care) were excluded. As a
sensitivity analysis, we also assessed Medicaid recipients’
total health expenditures (not just those paid by Medi-
caid) as a function of living with a smoker. Multivariate
regression models were used to better isolate the effect
of living with a smoker on expenditures.
Dollar amounts reflect what providers report was actu-
ally paid for medical care, not the price they charged for
the care. Expenditures for care delivered under capitated
payment arrangements were imputed by AHRQ [21]. We
considered both overall expenditures (exclusive of well-
child care) and expenditures for specific medical services.
Specific services included inpatient care, emergency
department care, ambulatory care (exclusive of well-child
care), well-child care, dental care, and prescription phar-
maceuticals. In all cases, we exclude expenditures for
vision care and chiropractic care which should not be
causally affected by SHS exposure. We adjust expendi-
tures for inflation to 2007 dollars according to the meth-
ods recommended by AHRQ [22].
Independent Variables
The principal independent variable of interest was expo-
sure to SHS. The MEPS does not include any direct
measures of children’se x p o s u r et oS H S ,f o re x a m p l e
serum cotinine levels, so we created a proxy for expo-
sure by determining whether or not there were any
smokers in the child’s home according to adult respon-
dents’ self-reports of smoking ascertained at the mid-
point of the survey year. Evidence suggests that living
with a smoker is a sensible proxy for SHS exposure, par-
ticularly for younger children who spend a greater pro-
portion of their time at home, given the evidence that
living with a smoker increases exposure to tobacco
smoke. For children, the home is “the dominant site of
exposure” [2]. Only 27% of self-reported smokers have
strict home smoking bans, while 88% of non-smokers
have such a ban [23]. Children living with smokers in
homes where there is no home smoking ban have the
highest levels of SHS exposure, but even children living
with smokers in homes where there is a no smoking
rule have SHS exposures that are significantly greater
than children who live in households with no smokers
at all [24,25]. As a sensitivity analysis, we also tested
whether there was a differential effect according to the
number of smokers in the home.
In multivariate analyses, we controlled for a number
of potential confounders. We controlled for the child’s
age, sex, race, and ethnicity. We controlled for family
characteristics including mother’sa g e ,p r e s e n c eo fb o t h
parents in the home, household poverty status, and
highest education achieved by either parent. Except
where well-child care is the dependent variable, we con-
trolled for age-adjusted number of well-child visits.
Finally, we controlled for urban/rural location and Cen-
sus region.
Statistics
Bivariate differences in the characteristics of children
living with or without smokers were assessed using
Pearson chi squared statistics. For our regression ana-
lyses, we calculated two-part and aggregate models. In
the two-part model, part one calculated the probability
of any (i.e., non-zero) expenditures using logistic regres-
sion. Part two calculated the level of expenditures condi-
tional on having any expenditures using a generalized
linear model (GLM). In the aggregate models, we calcu-
lated the level of expenditures for all children, not just
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ing current statistical methodology, we assessed a num-
ber of modeling strategies and determined that a GLM
using a log link and following a Poisson distribution fit
the data best [26,27]. Regression-adjusted mean expen-
ditures and their differences were calculated only for
children living with smokers as this is the group that
would be affected by changes in household smoking.
Using the regression model, we predicted expenditures
under the observed scenario that a child lived with smo-
kers and under a counterfactual scenario where the
same child did not live with smokers. Mean adjusted
annual expenditures in each scenario were calculated as
the average of the predicted values. Confidence intervals
for the difference across scenarios were calculated by
predicting expenditures using the lower and upper limits
of the 95% confidence interval for the regression coeffi-
cient on the presence of smokers in the home. All statis-
tics were estimated with Stata 10.1 (Stata Corporation,
College Station, TX) using balanced repeated replicates
to account for the MEPS design characteristics and
repeated observations within individuals. The analyses
took place in 2010 and 2011.
Because the study involved only publicly available, dei-
dentified data, it was deemed exempt from review by
the Massachusetts General Hospital Institutional Review
Board.
Results
Sample Characteristics
There were 16,154 unique Medicaid beneficiaries 0-11
years old and 25,835 person-years of observation for the
2000-2007 rounds of the MEPS, representing over 17
million children per year. The average child was
enrolled in Medicaid for 10 months of the year, and
65% were enrolled for all 12 months. There was no dif-
ference in the duration of Medicaid enrollment between
children living with smokers and children with no smo-
kers in the home.
While 49% of the children in this population lived
with at least one smoker in 2000, that number had
declined to 36% by 2007 (Figure 1). Levels of cohabita-
tion with smokers were substantially higher in Medicaid
children than among non-Medicaid children, where
levels declined from 27% in 2000 to 20% in 2007. On
average, over our study period Medicaid children under
age 12 were 91% more likely to live with a smoker than
similarly aged children outside the Medicaid program.
Across all study years, 56% of households had no smo-
kers, 30% had one smoker, 12% had two smokers, and
2% had 3 or more smokers. Among study households
with at least one smoker, 56% had a mother who
smoked, 39% had a father who smoked, and 35% had
smokers other than one of the child’s parents.
There were statistically significant differences on
most respondent characteristics between children liv-
ing with at least one smoker and those who did not
live with a smoker (Table 1). Among the sociodemo-
graphic characteristics, children living with smokers
were somewhat more likely to be white, less likely to
be black, and much less likely to be Hispanic. Mirror-
ing differences observed in most populations of smo-
kers, parents in households with smokers were less
educated and had lower incomes, even within this
Medicaid population. Children living with smokers
were less likely to have both parents in the household.
They were also more likely to live in urban areas,
more likely to live in the Midwest, and less likely to
live in the West.
Medicaid Expenditures
Table 2 presents predicted expenditures, based on our
regression models, for an average child who does or
does not have a smoker in the house, comparing our
estimates from the unadjusted model to the model
where we adjust for potential confounders. In nearly all
cases, point estimates suggest that living with a smoker
is associated with higher Medicaid expenditures, though
few results were statistically significant. In the unad-
justed analysis, we estimated that living with a smoker
was associated with an additional $213 in overall Medi-
caid expenditures (exclusive of well-child care) per child
per year, but the difference was not statistically signifi-
cant (95% CI -$56, $580). However we found that living
with a smoker was associated with significantly higher
emergency department ($13 per child per year, 95% CI
$6, $22) and prescription drug expenditures ($51 per
child per year, 95% CI $8, $111). An apparent difference
in dental expenditures was not statistically significant.
Adjusting for potential confounders generally attenuated
the point estimates for the relationship between Medicaid
expenditures and living with a smoker, sometimes
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Figure 1 Trends in the proportion of children living with
smokers.
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only emergency department expenditures remained signif-
icantly associated with living with a smoker, a difference of
$10 per child per year (95% CI $3, $18). Apparent differ-
ences for prescription drug and dental expenditures were
not statistically significant. There was a strong indication
that expenditures for well-child care were lower among
children living with smokers, but this estimate was also
not statistically significant (-$8 per child per year, 95% CI
-$15, $1).
To further probe the relationship between household
smoking and Medicaid expenditures, we present results
from the two-part and aggregate models of expenditures
in Table 3. For overall expenditures, there was no rela-
tionship between the presence of smoking in the home
and overall Medicaid expenditures for either the two-
part or aggregate models. Because inpatient and emer-
gency expenditures are so rare, their two-part models
did not converge and we were not able to separately
assess the two components contributing to aggregate
expenditures for the services. For prescription drug
expenditures, the two-part model highlighted a signifi-
cant increase in the likelihood of any expenditures
among children living with smokers. However, this
slight increase did not carry through to the conditional
or aggregate models. On the other hand, for dental
expenditures, there was no difference in the likelihood
of any dental expenditures, but there was a significant
increase in conditional expenditures for children living
with smokers. Again, this did not carry through to the
aggregate model. There was no evidence that ambula-
tory care expenditures exclusive of well-child care were
related to the number of smokers in the home. The
trend towards lower well-child expenditures among chil-
dren living with smokers was driven almost entirely by
lower medical expenditures among those who had non-
zero expenditures.
Table 1 Characteristics of the study population
Characteristic 0 Smokers in
Home
≥1 Smoker
in Home
p-
value
Child
Age 0-5 53% 55% .23
6-11 47 45
Race White 66 70 <.001
Black 27 22
Other 6 7
Ethnicity Hispanic 40 20 <.001
Well-child care <75
th
percentile
64 65 .90
Family
Highest Parent
Education
<HS 9 6 <.001
Some HS 20 25
HS 38 42
Some
college
25 22
≥ College 8 5
% Fed. Poverty
Level
<100% 42 48 <.001
100-399% 56 49
>400% 3 3
Both parents in
household
55 49 <.001
Urban 82 77 <.001
Census Region Northeast 15 17 <.001
South 41 40
Midwest 14 24
West 30 19
Mother’s age <25 23 31 <.001
25-34 50 46
35-44 23 20
≥45 4 3
Table 2 Estimated annual Medicaid expenditures by presence of smoker in home (2007$)
Unadjusted Adjusted
a
Smoker in House Difference Smoker in House Difference
b
No Yes (95% CI) No Yes (95% CI)
Overall Expenditures
c $799 $1012 $213 (-56, 580) $862 $1012 $149 (-68, 427)
Inpatient 360 450 90 (-66, 328) 380 450 70 (-74, 283)
Emergency Dept. 45 58 13 (6, 22)*** 47 58 10 (3, 18)**
Ambulatory
c 226 246 20 (-21, 69) 248 246 3 (-41, 56)
Prescription 98 148 51 (8, 111)* 113 148 35 (-3, 87)
Dental 54 71 17 (-2, 44) 58 71 13 (-4, 35)
Well-child 77 73 -4 (-12, 6) 81 73 -8 (-15, 1)
a Adjusts for child’s sex, race, and ethnicity, age-adjusted well child visits (except where well-child visits are the outcome), urban/rural location, Census region,
mother’s age, presence of both parents in the home, household poverty status, and highest education achieved by either parent.
b Estimates of the difference in predicted expenditures for children observed to be living with smokers when smokers are or are not present. The 95%
confidence interval is based on the confidence interval for the coefficient on having a smoker in the house.
c Excludes well-child care, chiropractic, and vision care.
*p < 0.05; **p < 0.01; ***p < 0.001
Levy et al. BMC Health Services Research 2011, 11:125
http://www.biomedcentral.com/1472-6963/11/125
Page 4 of 7Sensitivity Analyses
We estimated models of total health expenditures
(regardless of payer) as a function of living with a smo-
ker for overall expenditures and for each separate ser-
vice (inpatient, emergency, etc.). The statistical
significance and relative differences observed for total
health expenditures mirror those of Medicaid-paid
expenditures, and in some cases (for example, emer-
gency department expenditures) exhibited even smaller
differences. Because our findings for total health expen-
ditures are similar to those described above, we do not
report them separately.
We also estimated models where smoking status was
defined by the number of smokers in the household.
Because only 2% of households had 3 or more smokers,
we defined household smoking as having 0 smokers, 1
smoker, or 2 or more smokers. We estimated models
that assumed a linear relationship with respect to the
number of smokers, and models where the three cate-
gories of household smokers (0, 1, or ≥2) were included
as indicator variables, which would not assume a linear
relationship. Both of these models also closely mirrored
the findings reported in Tables 2 and 3, so we do not
report them separately. Model coefficients indicated
higher expenditures for 2 or more smokers compared to
one smoker for overall expenditures, inpatient expendi-
tures, emergency department expenditures, and pre-
scription drug expenditures, but none of the estimates
were statistically significant.
Discussion
Using nationally representative survey data, we present
the first study examining the relationship between chil-
dren’s Medicaid expenditures and the presence of a
smoker in the home. We confirmed that children under
12 and covered by Medicaid were nearly twice as likely
to live with a smoker as other children in this age
group. Confounding characteristics explained a substan-
tial portion of the difference in medical expenditures
between Medicaid children living with or without smo-
kers, and there was no evidence that household smoking
was related to children’s overall Medicaid expenditures.
This is surprising, given the substantial evidence linking
SHS exposure to poor child health. We posit that the
lack of an observed relationship between household
smoking status and health care expenditures may be
because the childhood illnesses caused or exacerbated
by SHS exposure are not common enough and/or severe
enough to raise average medical expenditures. We did
see higher emergency department expenditures among
children living with smokers, possibly pointing to more/
more severe asthma among exposed children. Our esti-
mates of emergency department expenditures included
controls for age-adjusted well-child visits, and we found
no relationship between non-well-child ambulatory care
expenditures and living with a smoker; thus it seems
unlikely that the observed increase in emergency depart-
ment spending simply reflects a substitution from
ambulatory to emergency care. We also found that chil-
dren living with smokers had a higher likelihood of
non-zero pharmaceutical costs, potentially due to medi-
cations prescribed to treat respiratory illnesses. How-
ever, neither of these factors was enough to result in
significantly higher overall Medicaid expenditures.
Previous studies in the literature yielded mixed results
with respect to the relationship between household
smoke exposure and children’s medical expenditures.
Two of the earliest studies found substantial relation-
ships between household smoking and children’sm e d i -
cal expenditures. Aligne and Stoddard estimated that
Table 3 Adjusted
a two-part and aggregate models of expenditures as a function of presence of smoker in home
Two-part model Aggregate model
Part 1: odds ratio for any expenditures
(95% CI)
Part 2: conditional expenditure; GLM
coefficient (95% CI)
Overall expenditure: GLM
coefficient (95% CI)
Overall
Expenditures
b
1.09 (0.99, 1.22) 0.14 (-0.13, 0.40) 0.16 (-0.08, 0.40)
Inpatient DNC DNC 0.17 (-0.22, 0.56)
Emergency
Dept.
DNC DNC 0.20 (0.07, 0.33)**
Ambulatory
b 1.03 (0.95, 1.13) -0.01 (-0.19, 0.18) 0.01 (-0.18, 0.20)
Prescription 1.11 (1.02, 1.21)* 0.19 (-0.10, 0.48) 0.27 (-0.02, 0.57)
Dental 0.95 (0.82, 1.09) 0.20 (0.04, 0.35)* 0.20 (-0.07, 0.47)
Well-child 0.98 (0.88, 1.09) -0.08 (-0.17, 0.01) -0.10 (-0.21, 0.01)
DNC: model did not converge.
a Adjusts for child’s sex, race, and ethnicity, age-adjusted well child visits (except where well-child visits are the outcome), urban/rural location, Census region,
mother’s age, presence of both parents in the home, household poverty status, and highest education achieved by either parent.
b Excludes well-child care, chiropractic, and vision care.
*p < 0.05; **p < 0.01.
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care by $203 to $284 per year in 2007 dollars [13]. Their
method used a literature review employing separately
measured health outcomes and costs, which assumed all
adverse health events were treated and that children’s
healthcare costs for a given condition were identical
whether that condition was caused by SHS exposure or
not. If these assumptions are invalid, particularly the
former, that would bias their findings towards a higher
cost of SHS exposure. In addition, at the time of their
study (using data prior to 1997), they estimate that
more than 50% of children lived with at least one smo-
ker, a figure that is substantially higher than what we
observe for children overall. Stoddard and Gray focused
on expenditures for respiratory illnesses in children
under the age of five who lived with a mother who
smoked [17]. Using the 1987 National Medical Expendi-
tures Survey (NMES), the authors found annual expen-
ditures of $156 to $228 per exposed child in 2007
dollars. However, the NMES only has data on what pro-
viders charged for medical care, not what they were
paid, which is typically much lower. Therefore, NMES
data likely overestimate the relationship between SHS
exposure and expenditures. A more recent study by Hill
and Liang using the MEPS found children 0-4 years old
living where smoking took place in the home had $128
per year (2007 dollars) higher expenditures for respira-
tory conditions than children who had no smoking in
the home [15]. As the authors suggest, because the
youngest children spend the most time in the home,
their exposure levels are likely higher that what would
be seen in older children.
Other studies have found no relationship between
household smoking and children’s health expenditures.
McBride et al studied children whose parents were par-
ticipating in smoking cessation trials in a managed care
setting, finding no evidence of increased expenditures
for children living with smokers [16]. The study most
similar to ours was published by Florence et al [14].
Using the 2000-2003 MEPS, they were also unable to
detect any relationship between children’se x p e n d i t u r e s
and living with a smoker when examining all-payer
spending for children 0-11 years old. Finding a lower
odds of non-zero medical expenditures among children
living in households with smokers, the authors posited
that unobserved caregiver characteristics (possibly par-
ents’ inclination to seek medical care), correlated with
both the presence of smokers in the household and chil-
dren’s medical expenditures, might explain the lack of
an overall relationship between household smoking and
children’s medical expenditures. Such an explanation
does not appear plausible in our analysis of Medicaid
recipients. We find no evidence that children living with
smokers have a lower likelihood of having non-zero
expenditures than children who do not live with smo-
kers. By restricting our sample to Medicaid recipients,
we have a group that is likely more homogeneous on
observed and unobserved characteristics, particularly the
ability and propensity to access medical care, than the
sample studied in Florence et al.’s analysis. While they
control for income, education, and insurance coverage,
there may be relationships between those variables and
the presence of smokers in the household that could
not be captured in their model.
Even within our sample of Medicaid recipients, the
relationship between children’s health expenditures and
living with a smoker is highly complex, as evidenced by
significant differences in demographic, socioeconomic,
and geographic characteristics between children living
with no smokers and those living with at least one. Con-
trolling for these factors attenuated the relationship
between our exposure measure and medical expendi-
tures, suggesting they are important confounders.
Our analysis should be considered in the context of
certain limitations. Most central to our analysis, we did
not directly measure exposure to SHS. Nevertheless, we
have argued that living with a smoker is a reasonable
proxy measure. We focused entirely on the short-term
differences in children’s expenditures according to
w h e t h e ro rn o tt h e yl i v e dw i t has m o k e r .T h ep r e s e n t
study does not address the question of how childhood
exposure to SHS affects healthcare spending over the
life course. Nor does it consider the effects of in utero
exposure, long-term health effects, or potential increases
in the likelihood that the child him-/herself eventually
becomes a smoker due to the establishment of social
norms in the home indicating smoking is acceptable
behavior [28]. We also did not examine the extent to
which smoking may have contributed to the socioeco-
nomic situation of the family, with the average pack-a-
day smoker spending $1800 each year on cigarettes [29].
We focused entirely on expenditures in the context of
Medicaid, which are substantially different from the pri-
vate insurance setting. Lastly, any effect of childhood
SHS exposure on cognitive impairment and learning dif-
ficulties would lead to SHS-attributable costs that fall
outside the health sphere [30].
Conclusion
The present study indicates that living with at least one
smoker, a proxy for increased levels of SHS exposure, is
unrelated to children’s overall Medicaid expenditures,
but may have a modest impact on emergency depart-
ment expenditures. While reducing Medicaid expendi-
tures does not appear to be a rationale for reducing the
number of children living with smokers, the most
powerful argument for reducing children’se x p o s u r et o
the toxins in SHS remains reducing childhood
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stand the relationship between secondhand smoke expo-
sure and long-term health and economic outcomes.
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